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FOREWORD

The work reported here was performed by Atomics International,
a Division of North American Aviation, under the auspices of the
Departament of Defense through the Advanced Research Project Agency.
Contract AF 33(657)-7136 issued under ARPA Order No. 24-61,
Project 002, "Materials Thermal Properties" was administered by the
Directorate of Materials and Processes, Deputy for Technology,
Aeronautical Systeams Division, with Mr. Hyman Marcus acting as
project engineer. This report covers work conducted from October
1, 1961 to Decesmber 31, 1961

This investigation is an extension of work previously per-
formed under Contract AF 33(616)-6794. The present work is under
Dr. S. C. Carniglia of the Fuels and Materials Departament.
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NOTICES

When Goverament drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Governmen: procurement operation, the United States
Governzent thereby incurs no responsibility whatsoever; and the
fact that the Government =ay have forzulated, furnished, or in
any way supplied the said drawings, specifications, or other data,
is not to be regarded by isplication or otherwise as in any esanaer
licensing the holder or any other person or corporation, or cone
veying any rights or perzission to =anufacture, use, or sell any
patented invention that may in any way be related hereto.

Qualified requesters may obtain copies of this report from
the Armed Services Technical Inforzation Agency, (ASTIA),
Arlington Hall Station, Arlington 12, Virginia.

Copies of WADD Technical Reports and Technical Notes should
not be returned to the Wright Air Developzent Division unless
required by security consideration, contractural obligations, or

notice on a specific document.
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ABSTRACT

A status report is presented on the development of the
transient thermal property apparatus described in Parts I and Il
of WADD-TR-60-581. Refinements of the apparatus are described and
results of measurexzents are given for the thermal diffusivity of
tantalua froz 1300° to 1650°C and for the diffusivity of zirconius
carbide fro= 1300° to 1600°C. The status of ther=al property
measurezents by existing techkniques is included. Results of
ther=aol conductivity measuremerts of zirconium carbide fro= 450°
to 1820°C and of the specific neat of titanium carbide froz 100°

to 730°C are shown.
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STUOY OF THERMAL PROPERTIES OF REFRACTORIES

by R. &£. Taylor and M. M. lNakata

INTRODUCTION

The prizmary purpose of this profect is to =easure, describe,
and understand the theresal properties of refractory =aterials
{ron ambient temperature to tesperatures approsching the =elting
point. This quarterly progress report covers the period fros
October 1, 196]1 to Decesber 31, 1961.

¥inor modifications of the apparsius for transient ther=al
property =easurexments have tecn =ade, based on the operating
experience accuaulated to date. Greater ease in the critical
alignzent of samples was achieved., Measure=enis on tantalu=
were extended to encozpass the range 1300° to 1650°C., Resulls
have, with few exceptiorns, been within a =axizu= deviation of 7%
fro= literature values and have been typically «ithin 4%. Measure-
ments on "as-received” and "heal-treatled" zirconiue carbide were
=sde fro= 1300° 20 1600°C. This phase of the work is described in

Section II.

In order to obtain inforzation on the thermal properties of
refractory gaterials during the development of new approaches and
to provide information {or intercozparing results, an effort uti-
lizing existing techniques has been mzaintained. Previously
obtained results on the thermzal conductivity of titanium carbide
were verified off-site. Thermal conductivity results on three
specimens of zirconiuz carbide are reported from 450° to 1820°C.
This work is described in Section III.

The specific heat of one sample of titanium carbide was
measured from 150° to 750°C by the pulse heating technique. The

results are described in Section 1IV.



I1.

STATUS REPORT ON TRANSIENT THERMAL PROPERTY APPARATUS -

>
The transient ther=al diffusivity apparatus has been per-

forzing satisfactorily up to approxisately 1650°C., Sirnce the
last report, additional measurezments were obtained for tantalusa
in the tesperature range 1300° to 1650°C, and also for zirconius
carbide in the range 1300° to 1600°C.

The reproducibility of the protoelectiric pyrozeter output
has teen brought up to a high level with very littie background
noise. A positioning device {an adaptation of a microscope
stage) was also incorporated to facilitate the alignzent of the
collimator with the sample and pyroseter. The technigque for

£ "he sample, shieldings, collizator, and pyrozeter has
been improved. The only difficulty experienced with the present
62%up Lo in the design of the upper radiation suaields. At
te=peratures asove 1600°C, especially after several tnersmal
cyelings, there is a terdency for thne tuntalus shields to shift
out of place due to ther=zal expancion. The cerazic sight tubes
are thern also forced out of align=zent with the sazpie holes.
This i6 lndicated imzedliately on the chart as an abrupt change

in the photocurresnt.

A new shieclding designed to prevent this difficulty has
been designed, and the fatrication of the parts is under progress.
In the meantime, measuresents up %o 1600° and possibly to 1700°C

car be continued using the existing shieldings.

Table I shows the thermal diffusivity values obtained for
two samples of tantalum. The first 6 runs are for sample Ta-A-l;
runs 7 through 14 are for sample Ta-B-1. The data are also

shown in Figure 1.
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TABLE I
Thermal Diffusivity of Tantalus
a ;aé/sec
Run No. 1300“€° 1400°C 1500°C 1600°C 1650°C
| 219 219
2 .228 203
3 219 203
4 .20% 219
) .222 22k
6 .210 292
? 240 236
g 215 229
9 .216 232
10 212 215 224 217 237
11 «199 227 .260 «225
12 .202 211 237
13 .205% 239
14 .192 21k

The short solid horizontal lines in the Figure represent the =zean
at each of the temperatures. The standard deviations at 1400° and
1500°C are 0.0l2 and 0.013 caz/aec. respectively. For cozparison,
the diffusivity values calculated froz specific heatl and thermal
conductivitye data previously obtained at this laboratory are
shown by means of the broken line. is one can see, the agreement

between the transient data and the calculated data is very good.

The apparent scarcity of data at 1300°C is not due to experi-
mental difficulty, but simply because more data at the higher

temperatures were sought.
[ ]

A closer check on the reliability of the data can be made if
the shifting of the pyrometer between the sight holes is kept to



not more than two cycles per chart epan, Simply because any
s=all fluctuation in the photocurren® output due to zero shifte
ing or misalignment can be detected with more certainty, In
other words, t00 many cycles will have the terndency of zasking
the small fluctuations., Hach run, therefore, gives dats over

a limited temperature interval of approximately 150°, but with
betier reliability.

The zirconium carbide tes: resulls are given in Table I,
and are also skown im Figure ). The z2irconius carbide w3g
obtained frox tne Carboruadus Co., Niagara ¥Falls, New York, and
w33 Tabricated by ho: pressiag technigues. Three diffusivity
s3zples were =achined out of the as-received cozpact. The sazple
reported here, 2rC-3-i, had a density of 6,24 g/c:3 before the

diffusivity runs.,

TABLE 11

Therzal Diffusivity of Zirconiu= Carbide

a c:z/sec
Run No. 1300¢C 14000°C 1500¢C 1600°C
1 .123 .12b .123
2 .125 136
3 .126 .128 .129 142
4 .113 117 .126 .138
5 2121 .126 .138
6 114 .120 133
? .120 .121

The reproducibility of data was much better with zirconium carbide
than with tantalum, which is understandable if one compares the
diffusivities of the two materials. Since the experimental data
consists of measuring the time interval At in the equation3



8 larger diffusivity will =zean a sealler &t. The precision of
seasure=enis will therefore increase with decreasing diffusivity

values.

The =ean at each te=perature is again indicated with short
solid lines, and the calculated value at 1500°C is indicated
with a short broken line. The value used for therzal conduc-
tivity was obtained fro= Section II! of this repor:, and the
value of specific heat was obtained fro= Southern Resecarch
Instituto.“ Thne standard deviations at 1400° and 1500°C are
«004 and .00% czz/sec. respectively. It should be noted here
that two prelizinary ruas gave diffusivity values of .080 and
.092 cmz/scc. but the source of this discrepency has not been
deter=zined. Additional measurezents with d4ifferent sazples of
zirconiu=z carbide are contemplated with the aiz of deterzining

whether this arozaly is real or due to experizental fault.

Two titaniux carbide sazples have been procured, and
zachining of one of these sazmples has been cozpleted so that

test runs may be made in the near future,



II1.

STATUS REPORT ON STEADY STATE THERMAL COUDUCTIVITY APPARATUS

The thermal conductivity of titamiuas carbide was previously
seasured and reported.5 These results are in serious disagree-
ment with the results of Yasilos and Kingorys who are the only
other investigator of the high temperature thermal conductivity
of this material. Therefore, samples of titanium carbide were
sent %o Jr. Michael foch of the University of Cincinnati who
agreed to act as an independent observer. Dr. Hoch zade two
measurezents of the ratio of the thereal conductivity to the
total emissivity and obtained § x 0.315 and 0,291 st 966° and
1474°C, respectively. He assuzmed that the total emissivity of
titanium carbide was identical to thet of titanius metal (0.25
at 566° and 0.3) at 1474°C), Usinz these values for < , the
ther=zal conductivity was calculated to be 0.079 cal/c=-°C.sec
at 966° and 0.050 cal/ce °C sec at 1474°C, The total e=zissivity
of titaniuz carbide is believed to be sozewhat higher than that
of t&e metal and, thercfore, the sbove values are in good agree-
sent, with respect to bota =agnitude and teaperature coefficient,

with tne results obiained in this laboratory.

The ther=al conductivity of three sazples of zirconiue
cartide was =meagsured fro= 450° to 1820°C in the steady state
apparatus.’ These results are given in Table III and plotted in

Figure 2.
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TABLE II1

Thersal Conductivit! of Zirconiuam Carbide
Thersal Conductivit!. c..l[ca-%-uc

Dats Point Sazple 2 Sample 3 Sazple & Tesperature °C
1 0.0787 695
2 0.0771 783
3 0.0798 899
L 0.0785 60?
5 0.0851 226
(3 0.0773 803
? 0.C794 917
8 0.0782 851
°] 0.0768 775

10 0.0720 548
11 0.0840 ?27?
12 0.0815 698
13 0.0856 826
14 0.0749 542
15 0.0838 626
16 0.0851 728
1?7 0.0856 665
18 0.0822 241
19 0.0840 833
20 0.0868 9k
21 0.0785 262
22 0.0777 888
23 0.0832 783
24 0.0785 718
25 0.101 1343
26 0.0950 1463
27 0.0968 1524
28 0.0909 1586
29 0.0885 1258
30 0.0925 1320
31 0.0989 1231
32 0.0932 1338
33 0.0917 1440
34 0.0922 1569
35 0.102 1368
36 0.0979 1435
37 0.0942 1500
38 0.101 1618
39 0.0927 1703
4o 0.0976 1654
4] 0.101 1825
42 0.086 1100
43 0.0850 1023
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It can be sees in Figure 2 that the values obtained on the three
specimens overlap, and all the data can be described within 10%
by one curve, The thermal conductiviiy of 2irconiuz carbide
increases with ircreasing tezperature in a manner similar to

that previously observed for titamium cardide. In fact ke curves
are almost parallel from 450° to 1820°C wiin the comductivity of
zirconium carbide ¢isplaced aboutl 0.0l cal/em+°C.sec below that of

titanium carbide,

The only other high temperature thermal comductivity measure-
zents on zirconiue carbide were recently made at Southern Research
Enstitute.“ The presert results are approxizately 20% below
their smoothed value at 500°C and 10% below their szoothed value
at 1300°C. iowewer, the scalter iz tne Southern Research Institute
data, especially tetween data oblained on different specimens, was
Such as 1o encompassn the present resulis. The s5200th curves gen-
erated at Jouthers Hesearch Institute and our laboratory are within

the combined experizmental error of 13% atove 1000°C.

The zirconiuz cartide specimens used in the present work
were not pressed Specizens oblained fros= the Carborunduz Cozpany.

They are characterized in Table 1V.
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2rC Slnglo Histories

Fabrication Methed
Fabrication Date
Density 5&/:@’
X-ray Results
Microstructure
Chemical Aralysis of Powder
Wi, % 2r
W, % C
We. % Fe
Wi, % Other Metals

Chezical Ainalysis of Hot
Pressed Material - Ag-
Received

e, % 2r
Wi, % C
wt, % Fe
Wi, % Other Metals

At Conclusion of
Measureaents

Wi, % 2r

dt. % C

Wi, % Fe

Wt. % Other Metals

® Under Investigation
¢* Unknown
*** To be Determined

-9.

BLE IV

Sasple No, 2 Sasple No. 3 Sanple No. &

ot pressed Hot pressed Eot pressed

1960
6.13

1957
6.1?

1960
6.18

Single phase Sicgle phese Singzle phase

&72.94
11.30
0.1
0.2

82.6

87.85
12.14
0.39
0.33

82.9%
11.30
0.1
0.2

87.6



IV, STATUS REPORT ON PULSE MEATING TECHNIQUE FOR SPECIFIC HEAT

DETERMINATIONS

The electrical resistivity of a specimen of titanium
carbide was previously measured froa 25° to 78090.5 This
specizen was pulse heated over the same temperature range and
the specific heat determined. The results are shown in Figure
3. The results of Maylor.s the only other investigator of the
specific heat of titanium cartide atove roosz temperature, are
also shown in Figure 3. Tne data agree within 5% abeve 550¢C,

The major problez nindering effortis to measure specific
heats to the melting temperature is the lack of accurate electri-
cal resistivity data at high tezperature. Develop=zental work on

this apparatus is continuing.
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